presence of 10 mM and 1 mM Pi, with a near-nornal uptake rate for Pi but a low one for arsenate. The Km values for Pi transport and the Ki values for its competitive inhibition by arsenate were similar for the mutants and the wild type. Similar to the wild type, the mutants also accumulated Pi to high concentrations. In all strains, the transport of Pi was subject to repression by Pi. Mutant types showed lower Vm.x but unaltered Km values for arsenate as compared to the wild type, and they accumulated arsenate to markedly lower levels. The results suggest a two-component transport system common to Pi and arsenate.
The transport of inorganic phosphate (Pi) and arsenate in Micrococcus lysodeikticus has been shown to be energy dependent, driven by the proton motive force (2, 3) and involving a repressible transport system. The uptake of Pi is competitively inhibited by arsenate; the transport of both Pi and arsenate is similarly affected by sulflydryl reagents, energy inhibitors, and ionophores, indicating that the two substrates enter the cells via a common transport system (2, 3) . Indeed, arsenate has been shown to be a substrate for Pi transport systems in various bacterial strains, such as Staphylococcus aureus (12) , Streptococcus faecalis (7, 9) , Bacillus cereus (14) , and Escherichia coli (1, 11, 16, 17) .
Arsenate itself is a known, toxic, nonmetabolizable analog of Pi that inhibits metabolism and growth (1, 7) . Relief from growth inhibition by arsenate could be achieved by mutations that would not permit the entry of arsenate into the cells. Possibly, arsenate-resistant mutants could also simultaneously exhibit alterations in the transport of Pi. Such mutants have been isolated in B. cereus (14, 15) , S. faecalis (7) , and E. coli (1, 11, 16) . In the latter two, the presence of two uptake systems for Pi has been demonstrated (13, 15) .
In the present study, arsenate-resistant mutants of M. lysodeikticus were isolated, and the properties of their Pi and arsenate transport mechanisms were investigated and discussed.
MATERIALS AND METHODS
Organism and culture media. M. lysodeikticus ATCC 4698 (Fleming) and its derived arsenate-resistant mutants were grown in a defined medium (2) containing 10 When either wild-type or mutant cells were grown in the presence of Pi, the rate of Pi uptake decreased to 0.5 to 3.0 nmol min-' mg-' of protein and that of arsenate decreased to about 0.5.
Kinetic parameters of Pi and arsenate transport. The transport of P1 in the mutants followed saturation kinetics of the MichaelisMenten type and was competitively inhibited by arsenate (Fig. 3) . The Km values for Pi transport in the mutants were similar to that of the wild type, ranging from 1.5 to 4.3 ,uM ( Table 2) (1, 7, 9, 11, 12, 14, 16 ). In our experiments, arsenate competitively inhibited Pi transport, and Pi starvation resulted in increased transport of both substrates by wild-type (2) and mutant cells. The M. lysodeikticus wild type was found to be relatively resistant to arsenate in comparison to the normal strains ofS. faecalis (7) and E. coli (1, 11, 17) . This characteristic might be due either to the low permeability of arsenate to cells grown in Pi (2) or to the very high intracellular level of polyphosphates (4, 5) (11) and B. cereus (15) . In the latter two, the transport system is inhibited when the intracellular "primary pool" of Pi is replete. However, in M. lysodeikticus there is a monophasic pattern of Pi transport. Since the Pi taken up by the cells is subsequently polymerized, it was suggested that the pool of free Pi is only partially saturated and therefore the transport system is not inhibited (2) . Unlike the polyphosphate, intracellular arsenate might inhibit the transport.
Although the rates of Pi transport in the mutants AsR8 and AsR34 are considerably lower than that of the wild type, phosphate is accumulated within the cells to a very high level, probably as polyphosphate (2, 4, 5) . Thus, the low rates of Pi and arsenate transport suggest the occurrence of alterations in the transport system itself and not in the metabolism of Pi after its entry into the cells.
